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MODIFIED INTERLEUKIN-1 INHIBITORS 
FIELD OF THE INVENTION 

^mmm OL-i). 0DND OF1BEIN VBmON 

^ *— •*» -r, ^ ^.w 

10 in neurological, metabolic, nema ^ 

m - b ^rx. i — - — . 

induces changes m local tissue wnno v destruct ive and repair 

n 1 activates lymphocytes and plays an important 
processes. IL-1 activates lymp £ ^ ^ but ^ 

15 of the immune response. Aft** * The most 

— that «*° „ e ^ata o( 

partclarl, tmot *aw» to tost defen- 

* — ^r— - - *- - 

fibroblasts, synovial cells, ana cn~ 

and monokines in that there is no sign m ^ high 

. many ote biological actmoes. Tb*e incite 
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from synovial cells and chrondrocytes, bone resorption, acute phase protein 
synthesis, and other effects. 

It has been reported that a fragment of IL-1B contains an active region which 
is responsible for the immunostimulatory, immuno-restorative and antitumoral 
properties of IL-1. This region corresponds to residues 163-171 of the IL-1B molecule 
and although it is believed to be an active site, it is not associated with any of the 
inflammatory orpyrogenic properties oflL-lB. It is believed that an active region 
other man the 163-171 sequence is responsible for the role IL-1 plays in me 
inflammation process. The identification of the 163-171 sequence as an active region 
was first reported by scientists working at the Sclavo Research Center in Siena, 
Italy. Accordingly, the nine residue sequence is often referred to as the "Sclavo" 
region. However, as used herein, the terms "Sclavo region", "Sclavo fragment" and 
"Sclavo peptide" are meant to more broadly define peptides including the 163-171 
peptide and those modeled after the nine amino acid sequences of DL-1B. 
15 Interleukin-1 activity is suppressed when IL-1 inhibitors are present Several 

IL-1 inhibitors exist and are useful tools in understanding the mechanisms which 
regulate the action of IL-1. Since the cytokine Interleukin-1 is one of the major 
mediators of tissue destruction and chronic inflammation, IL-1 inhibition can be 
used in treating inflammatory diseases. IL-1 inhibitors can also be used as immuno- 
suppressant molecules since IL-1 plays a central role in the immune response by 
stimulating proliferation and differentiation of T and B lymphocytes. 

The present invention provides an improved Interleukin-1 inhibitor. 
According to the present invention, a gene for a naturally occurring IL-1 inhibitor 
has been isolated and sequenced and the DNA sequence encoding the "Sclavo" 
25 region has been inserted into the IL-1 inhibitor gene. The resulting modified IL-1 
inhibitor has a greater affinity for the IL-1 receptor and the desirable activities of 
IL-lfi derived from the Sclavo region active site. 

INFORMATION DISCLOSURE 
PCT International Application Number PCT/US89/02275 discloses the amino 
30 acid sequence for a naturally occurring Interleukin-1 inhibitor and the DNA 

sequence for the gene which encodes me naturally occurring inhibitor. One of the 
amino acid sequences disclosed is identical to the amino acid sequence encoded by 
the DNA used as starting material used in the present invention. Methods for 
production of the inhibitor using recombinant DNA technology are disclosed. 
35 PCT International Application Number PCT/US88/02819 published 9 March 

1989 discloses an Interleukin-1 Inhibitor purified from urine which is characterized 
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^JTHT,.—. VC .37, W*^ — 

5 ^Ig Ln Ui » - — *^ V0 ™ K - " T - 
5 occurring stimulate murine 

i.i«h t edl activity capacity as shown by its aouiry w 

rtT. ft is repotted that the fragment does not have the ^P*^ *° ulduce 
cells, no fa yivo pyrogemc activity. 

.rfbod, responses "^^'"-^^ I — * 

it was shown that the nine residue fragment ennances v «v 

^ ..a.---. response «.T he.,er 

Borascm, - d 163-171 shows 

—•T^resT: — 

25 J.e^doesno.^^"^'-^^ aM ' M,CmV ' 

^ ^ ,. — . vo. mi ««5 w d^ m * 

30 peptides restored T ceu wraiiw 16 4-171 peptides were 

am,™* the optimal immunorestorative doses of 163-171 pepuae* 
irradiation. Although the optuna recombinant Interleukin- 

UX.I ^ — - — *~ ^ " 
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triggering lymphokine-activated tumor inhibition (JLAH) of a poorly immunogenic 
fibrosarcoma (CE-2) of BALB/c mice. However, the nine residue peptide does induce 
a limited LAH and, under certain conditions described in the reference, induced 
LATI can be increased when injections of the peptide are made with mice challenged 
with tumor cells admixed with non-reactive lymphocytes. 

Boraschi, D. et al., J. Immunol. Vol. 143 1:131-134 (1989) disclose that the 
synthetic nine residue peptide possesses the immunostimulatory but not the 
pyrogenic activity of the mature IL-1B in vivo. A monoclonal antibody (mAb) raised 
against the nine residue peptide is disclosed. This mAb could effectively recognize 
human recombinant IL-1B in MA and imrminoblotting. In vivo, the mAb was able 
to selectively inhibit the immunostimulatory activity of IL-1B but could not affect 
the fever-inducing capacity of IL-lfi. 

Peppoloni, S. et al., Nat. Immune. Cell Growth Regul. 8:10-19 (1989) disclose 
that the nine residue 163-171 peptide increases the natural Idller activity against 
15 K562 leukemia cells while the presence of human Interleukin-IB does not confer a 
similar increase in natural killer activity. The increase in tumor cell lysis could not 
be ascribed to the cytolytic activity of the synthetic fragment on target cells, since 
the peptide caused no direct lysis of various tumor cell lines. Although the peptide 
enhanced a natural Idller cytotoxicity of peripheral blood mononuclear cells, highly 
20 purified large granular lymphocytes were not susceptible to its inhibitory effect. 
Furthermore, the addition to the cultures of antibodies to human Interleuldn-2 
completely blocked the 163-171 peptide-mduced boost of natural killer cytotoxicity. 

Amento et al., Proc. Natl. Acad. Sci. USA, 795307-5311 (1982), disclose a 
soluble factor produced by human cell line U937. This soluble factor inhibits IL-1- 
25 induced T-cell activation. The molecular weight of this factor is reported to be 

between 45-60 kdal. 

Liao et al., J. Exp. Med. 159:126-136 (1984) teach the identification of an IL-1 
inhibitor found in urine from febrile patients. The IL-1 inhibitor disclosed by Liao 
et al. is between 20-40 kdal. Liao et al. note that the evidence suggests that the 
30 molecule is a protein or a glycoprotein but that the evidence is insufficient to 
support such a statement without additional information. 

Scala et al., J. Exp. Med. 159:1637-1652 (1984) disclose a soluble factor 
derived from the ROHA-9 cell line (a human Epstein-Barr virus-transformed 
lymphoblastoid cell line) which resembles monocyte-derived human IL-1 inhibitor. 
35 Additionally, Scala et al. disclose the presence of a co-existent inhibitory factor. 
This inhibitory factor has a molecular weight of 95 kdal. 
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Arerf « a.. I. Immunol. 134:6 0985) teach - i ° BnC,i0 ° 
^ chondrocyte, or W which b produced by human monocytes cute* on 
^en. huraT complexes or armies. The mole^ ^ — — » 

dte « various il-1 toon*™, i— — « " Uch 7 *" 

nr. — • *-« *• 1*°" T i 

^ weights of 30-35 Hi. » I* -< M> «*• » * 

leculer ^ 1M5 Hal is - *" 
^TJpreZt women. °*« «" — - * «~- - ^ 

H!U — *»— — ^ 4 "" 4 

^hunan monocyas *M by cy^neplovta* is to AM 

cm* ^ — — - «■*■* - - 

^euHn-l HH. 1— *»— — ^* ^ *"* 

dm Indicates the three isoforms of » single protein- 

Eisenberg., S. P. et al.. Nature 343:34m*. January 1990. disclose cDNA 

pressed to yield Interleuidn-1 inhibitor. 

SUMMARY OF THE INVENTION 
^ p^eut invemio. pro**s . improved HA UmibUo,. Acting to ft. 
^ mvem.cn, a. ^ An^ ^ 

Lions as . .W inbibaor is modified b, the addition ofa "Sciavo p** . The 
^Th^noon relates to a DNA molecule which encodes bi*gica.., 
Lrleukm-1 Inhibitor containing a Sdavo region. Furthermore, the present 

I to a sulmble host rammed wUh . ^ — *» — -J »™ 
HI ..coding MA mhibtor. B.P"» — » * 

!X . hnrlved biological., * ™ * — —« ' -~ 

£U an expression vector which contains a DNA mol^e encodmg . 

35 Ctov* *A*— - — « *» ,nMfonMd "* to 
promoting expression. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
^ co^ ***** -* -* * — - 

sequence ofBAP aujm™»> eells is «tremdy 

add sequence for naturally occurring KAP oenveu nom 
. ^ » flWft This similarity is 

AccZL* that ft. aunlteWcs otto *q»-« " e 

responsible for IRAP s amity w u £ _ n 1R ^ agonist while 

^«^» ta *° ** ~ LTolta. aOd 

15 One difference between IL-lfl and KAr is m 

residues corresponding to residues 163-171 of IL-1B. This region of tbe H. 
^e is believed to be responsible for tbe — ^ ft , m 

•^^restorative antitumoral and radioprotective properties ofH-iB 
unniunorestorative, « inflammatory-related, 
believed that this region is not responsible for any o the n*an*nato * ^ 

• «.+ ^aracteristics of the naturally occurring agonist 
20 pyrogenic or toxic effect characteristics ^ for 

163-171 region is thought to be an active region of IL-1B 

* enM lecul,s role in the «— ^ ^ sequenC e and *e 

« 1 shows a „ * ^ ^ ^ ^ ^ 

IRAP amino acid sequence. Chart 2 shows tne n 

— .„ j ot„,rt «hnws die amino acid sequence of IRAP. 
25 of IRAP and Chart 3 shows the ^ ^ fo f 

The present invention uses the following Ioruuufl 



molecules: 

IRAP Residues 76-85 



30 Te 77 78 79 80 8! 82 83 84 85 

******* J 1 1 
X B P H A I. * 1 6 1 

Sclavo Peptide Residues 1-9 
35 1 2 3 4 5 6 7 8 9 

4, 4 i * * 
V Q « 



I 4 * * 
B B S H D K 
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„„, mnHrfed after amino acid residues 163-1 /i oiu-iu u 

"T! Jtj lo.. n. *- of*. *ap 

T* - £L - — »-» - . 

ammo acids may oe m-u 5.124 1972). Substitutions 

m k ff m Atlas of Protein Sequence and Structure s.u», 

substituted witn any Additionally, tenth and eleventh 

for Sclavo peptide amino acid residues 6 or 8^ Addm y, ^ 
residues may be added to the Sclavo peptide. Furmermore, any 

residues 76-85 may be deleted. ^ sdayo 

t ,o^«,iar IRAP amino acid residues 76-79 may oe uwc 

mtrap-1 represents the preferred embodiment 

MIRAP 1 reptese f ^ acld 

To depict an improved IRAP according w v „ 76 . 

written which assign the designation "IRAP residue 76 or 76 
0 sequences ~*"?J%J^ „ than 9 residues may lie between the 
^ "RAP residue 85 or K ^ ^ ^ 

two marked residues. Rather, 76 and k> serve 

™H.h « shown in Chart 3. For convenience, unproved IRAP 

™ 7- TlLTshl sequences starting with a residue labelled 76 
teenies may be ftp* ■*« eq ^ ^ 

H and ending with a resid.^ A ^ ^ ^ ^ 

75 ^ T ^ enttTe molecule adjacent to *e residue designated 

177 of namral IRAP ^ P-^ ^ ^ ^ novel 

85. The residues depicted between 7WC in f over natural IRAP. 

• f th, molecule which is responsible for the improvement over natura. 
portion of the molecule wh mAP is disclosed. 

30 In Example 9, construction of three embooimen 

These three embodiments may be depicted as follows: 

85 

76 

MIRAP-1 i 

VQWEESNDKALFLGI 

35 
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76 85 
MIRAP-2 76 , 

i 

VQGBESHDKALFLGI 

76 85 
5 HIRAP-3 76 

i 

to each embodiment residues 26-75 of IRAP precede the residue labelled 76 
10 and residues 86-177 of IRAP follow the residue labelled 85. 

This improved IRAP possesses an enhanced ability to bind to the IL-1 
.ecepto, Tbe desirable traits of IL-1* which are derived from the active site at the 
Sdavo region are combined with IRAFs ability to block IL-1 binding to the IL-1 
receptor. Thus, an improved IRAP is produced. The improved IRAP has IL-1 
15 blocking ability and immunostimulatory activity. 

As used herein, the term "Sclavo peptide" and "Sclavo region" are 
interchangeable and refer to a peptide modeled after the nine amino acid peptide 
found at residues 163-171 of human IL-lfl. "Sclavo peptide" or "Sclavo region- 
include those peptides which comprise conservative substitutions of the 163-171 
20 peptide of IL-1B. The 163-171 peptide of IL-1B consists of the amino acid sequence 
VQGEESNDK. Each amino acid residue may be substituted with a conservative 
talent except proline may not be used in Sclavo positions 7, 8 or 9 and the tturd 
residue, G, may be substituted with any amino acid. 

To construct the improved RAP, me gene for IRAP is isolated and the cloned 
25 into an appropriate vector so that genetic manipulations may be performed. A 
series of oligonucleotides are constructed which encode peptides modeled after the 
IL-16 163-171 peptide. These oligonucleotides were inserted into the portion of the 
IRAP gene which encodes residues 76-80 of IRAP. 

The gene encoding IRAP was isolated by screening a cDNA library made 
30 from the RNA of U937 cells. Tne cDNA library was screened with oligonucleotide 
probes which hybridize to nucleotide sequences that can encode an amino acid 
sequence known to exist within the IRAP protein. Tne known amino acid sequence 
upon W hich the probes were modeled was discovered by sequencing a portion of the 
DtAP protein isolated from the cultured cells. The nucleotide sequence which 
35 encodes IRAP including the sequence that encodes the 25 amino acid signal 
sequence is shown in Chart 2 and the amino acid seonence of the IRAP protem 
including me 25 amino acid signal sequence is shown in Charts 2 and 3. When 
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ttin is 177 amino acids. Residues 1-25, the s.gnal 
jessed in nate, * P— ^ 

sequence, are cleaved off and *e — J ^ ^ ^ t echn.aues 

Once the gene is related ^ "V ^ gene n*y * inserted into 

well known to those having ordmary *u t^onn a suitable 

replaM d ««, a console • >' °' W * ^ 

be produced. cdl Trea ted with GM-CSF 

^ <« >*» «" ^ ^s, urn- ^ » 

in* fetal calf serum (FC5, ateruo *j 
^ta, contannnj 10* feW « 

sueptotn,* (GBCO. *- ^ by a* Nteon. 

*. ,. Can«r, WW* fj^, ^ . co^ 100 oM PMA at 

^ *. (PBS) X — - ■» ^ „ J7 . c „ fray^t 

FCS «. .OOU^W ^ ^ tamJ ^ seated. 

toMl>ale d into m*. to J4-120 oboiM(1 WKe ^ fc, 

inhibiting activity. ^ .j,^ with IL-4 

^ PMA aht^o. «W «* „ ^ ,«0 tneoi- 

, T? s r ) ffla ^ (Std. Protocol reagents). 

tdap messenger RNA ana 
Measurement of»A*' ms»cu B 
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25 



30 



35 
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n • that the kinetics of induction were roughly 

1A5 or receptor binding assay) indicated that the kineucs 0 

U. rvt-rw That is die 1/2 maximal levels of both 

twice as fast as that seen with GM-CSF. T*at is, me _ , . 

L norm for GM-CSF. At 24 hours, pro** secreted in the 
5 — ™ nearly double that measured in GM-CSF supemaants a. 48 h urs. , 

Tta ^ 1L4 induction ofKAP inhMor in U9S7 was mote raptd and 
' ^ mnmtot Mi wete reached to b, an, previous memod of induction. 
3 Chatactertodon bytohibilory Acttvity Assay by the 

1A5/HT2 T-CeU IL-1 Antagonist Assay 
The assay used to determine the pres«c. of an 1W inMbitorhas been 

^HBH-C* ™ Antagonist Assay, confirms me presence ofa product enable of 

W acdvi*. m order to d*nnin. M — — 
^ fromharvesdng dr. treaed ceHs w«e sdded win. IL-1 - 
15 gfcdn (PHA, » a — T-U Hne which produces D.-2 when exposed 

PHA Thus If m. supetnaams added «o«ain . IRAP, me inhtbnor wui bio* 

tiered from the <re*ed — *-.«-"*»— — ' 

2fj 1 M dependent cells to use. If the prod.cdon rf has bee. bloch* b, m 
11 oTm. IW inhibit no 1L-2 wm be pres*. and the n,2 TV* a, 
TI To«st d» vrabilhy of me .L-2 decent cens, radiolabeled - 
added to medinra. If me H--2 dependent ceUs are altve and growing, th. radtc- 
amea 10 . „. ~n. are dead, aU the ndiolabel 

nucleotide wBl be Incorporated into the cells. K the cells are dew, 
« will bewashed ,w»y when the medium is removed. Thus, when m. celts are 

Zlld and placed m a acmdUado. coc^, m. pres^ tf^el « be 
Z*. Acceding,,, can be esfcbltshed and. *erefore, the 

presence of IRAP can he determined. 

Murine T cell line LBRM-33-1A5 (ATCC) cells were mamtamed at 37 C » 

i. in *PMI 1640 whh 100 U/ml penicillin, 100 mM streptomycm 
-jo 5% CO, atmosphere in RPMl low wnu iW w 

I ,0* FCS H,2 depend.* murine T cells HT-2 as described .W« . 
Exp Med.. 150:1510-1510, am .» mrttuined in continuous odrnre tn *~ 
~ stpptemeutrf with 10 mM HEPES 

* — v^,v Rochester NY) and 15% supernatant from 
mercaptoethanol (Eastman Kodak, Rochester, NX) , ^ a ^ ofIL _ 2 , 

„ MttcavaUn A-stimulated rat spleen cells. This supernatant, used as a source 
35 n ofWistar-Sprague r, spleen cells (Charles ^ver, 
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MA, a. 5 x » ~» h — — 5 — — * 

{ T 1 .1 US 1 4 fig/ml PHA was placed In * V-bottom well 

line of numne T cell hue 1A5 win re fer J4 

,6 well ft. with 50 M •*•>•-* *nd 50 fd °' IL ' ( „°L a 300 , s and 4-C. 
OaDav2 to « 96 well «at*«om plat, 100 tl of Day 1 supemata. 
^TlT^t-a.*-*--''" 4 for 24 hours. 

- T^rr rrr-rr-n — - - - 

— 0,1 * *• " * ^ Wtor „. added, 1,2 should be prod-ad * HT-2 
5 tarvest* cells. *® J"* ' for 
«Us should live and take «P *• «bo«**»- ""T h , 

fc ^ h*. -I-I.-T ,,f * i,,0,, ^ 

^ can bedeannin* relaive fc ^ 

Example 4 Ctamwfcatfon by HdMqr Actmty 

Binding Assay u 
Th.pr.s~e of*AP « — b, th. ^ Bind* Assay to be a 
fchlbhor. This deoon*^ that IRAP competes with 

7\*eHed H.1 » bind to cells known to have receptor, to fL-l. 
najoactively labelled n. l to ou» prhlabelled 
The whole cell 1L-1 canpeution assay «»» "■ Na » 1 ' 

•<= *» ,rf the U»7 H>1 inhibit™- St"** bmdl,lg 
25 IL-1B was used to follow mmacanon of the U937 u. million YT-NC1 

wmM WhW-*^ .^TT.^voluu,. of 200 

eeus 50 pM - - — ^""l ~" — 

radioactivity was removed by nurauu aenerallv less man 10*. The 

30 —---» ^.tr^^--- w 

presence of IRAP was detected by a decrease in me 

bound to the cells. «f IRAP from U937 

^ 5 Purifies*, and Oaa^nzauon oflBAJ to 



35 



Cells . 
The 1A5 and Receptor binding assay are bolh - * 

* p^canon procedures . cc*8nn the presence of*AP 
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*« m samoles found to contain inhibitor 

sir; rsr-=r— — — . 

mass cutoff 5000 daltons). 

inhibitor bioassays. m ^tra** cells having 2 liter and 

ttotein solutions were concentrated m ^ ^ ^ ^ 
15 400 ml volume capacity (Amicon Corp., anver . ^ 

Add rf to stabilise the inhibitor « « ^ phwylmemaM sul- 

which was a likely causative factor of reduced yields 

fonylfluoride (PMSF). to d(Jtermine certain 

.. • ™m« and mono Q ft**"*"- 

of*.**** ^ iS0(eKSe BBU: 

p^atares, to P<««<* » f . essentially put* 1RAP to determine 

SDS PAGE p^es — - — ^ 

physical properties. 
30 Characterization 

Od HlmtioD Catooaopapoy Proflte ^ „ 

A small <*» *^ U ««i«,* « 
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pJL Included BSA (67 «, carbonic anb,dr*e 00 «. <" 

Laproani. (6,600 C.1.0.S). A»W curve was construct 

^JL andys* of-he line ^ orU.gmc4ecu.ar mass versus re»*o» 

5 » moleeu* W **. -»« I21W — 

^ 25,000 d*ons, with • -P — »' 19 ' 000 **" dato " S - 

Naive Folyacrylamide Oel Electrophoresis Profiles 

^ e « polaroid, gels CM ^Umldeiis-acqto^ rano) were 

10 poiymeL andTL desert ^ ""1 

10 *-»• -• sM * ,esMmi r H ,R ^ 

£~J! WI) which was used as a dye few* — »• <* « - * IM6 

hours at 4°C at low current and voltage. 
„ TWopca* ofarfvfcy were Ih. sterrfard us* » me^ 

Lied by ft. dye. The second peak travel 61% rfte — 

rip- ■ - "— " 

20 JL orastwopopu** ofp**eins 1^ comrr*. molecuUr 

masses but differing in glycosylation. 
Anion Exchange Chromatography Profiles 

man 75 However, «M «M — «*» * OB ° B,J ' ,,,iM, 

man 7 J. However P fjtamacia) rather to by 

25 columns, such as Mono Q 5 " j/ ™~ _^ columns was achieved 

ctofcal DEAE Cellule* supports. Button torn me former «»umns 

7— of...- s* .mdien, - — - ^ 

1. .raBen. ehdon procedure, me surdn, *«* v* 25 mM T» Ha pH 8.5. 

column g«u including 1 M 

and 10* glycerol, while the termmauon buffer was the sam 
30 NaCl Samples were prepared for column chromatography by dudysis agams 
30 NaQ. S*»P ^ ^ ta ^ bags havmg a 

starting buffer for at least a uu * (dim ensions) for 

5,000 dalton exclusion limit. Tbe typical column was 1.6 x50 cm (d 
OAE Fast Flow and 0.5 x 5 cm for the Mono Q column (Pharmacu-LKB) 
Q ZZry activity was associated with a protein fraction which elutes m the 
35 gradient at a position corresponding to a 125-160 mM NaQ concentration. 
Isoelectric Focusing 
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mf ^r acry-de -« «»— ~ pH gradients «MM - 

Si ph «. ^— - c • 

. . in n 5 cm diameter borosfflcate glass tubes (Bxhuoj using 
were polymerized in 0.5 cm uumewi 

I n^ulfate and allowed to stand at room temperature for at least 1 day 
; ammonium persultate, ana «uiu „ f sn* alvcerol containing 

prior to use. Samples of IRAP were mixed with 1 volume of 50% glycerol co 
005* memvl ted, applied to to k* PH end of the gtadla* «0P>. - 
MM « » »— • for 24 hours at 4 C. The -* 

m urtmoAoric add and 0.1 M emanolamme, respectively, 
solutions were 0.1 M phosphoric aao a™ 

0 Mow** dectrephoreeis, gds were removed b, wder — «. - « » 

inoubatfon, pH readings were taken with a Bedanan nucI °~ 
^e These ejects were dso andvred * to cdiula, *-* - 

15 ^C^^— - "XL* 

inhibitory ift* — - ""^ , 

7*. ^T. ol 5 H spedes has me highest arfvhy. These data — *. 

,d d^rop^esis. It**. *< - 
20 Si Lr-de BriaUn, Bhie a*. £ 

" - " -. J5, T a T« m^T-td pl. To verify that dies. 

™L pA0B ^ r^» vfuus aud^is showed d» »« Pnm»J 
analyied by 2^ PAGE, m 5 t ft, s^ondary spot 

25 acuity corresponded to a spot at 25 laid and pi » 

■• ..fuiiv with a25kdal protein having apl -«* inerarae, 
2T« £2LT,-» could be seen wim Cmassie Brilliant Blue M on 

^elL inn.-r, when individual fractions .ere sub^ *» 
30 pL, confirmed me assignments wehave made using me purified protem. 

Preparative Purification ..^^ed samples on TSK Bio-Sil 

^Uminary chromatography of ^ resolution 

125 gel filtration columns under km iomc strength did not result m y 

teneciallv albumin) contaminants. Urns, under these 
ftnm the serum protem (especially, juuuuu"/ . . 

35 Editions, much of the «hor ^ -T !« — 

peak at 67 kdal. However, the inclusion of lMNaCl into tne co 



PCT/US91/02127 

WO Sl/1'184 

-15- 

■ .-^rim between inhibitor and the ^i* molecular 
*** JLTZ TtSK .» ,25 co,umn under the hi* 

HPLC coin™ — *— " tofUMta '' * ^ „ »*. 

o„ the HPLC colnmn « (1.6 X 50 cm) eanMbrated w«h 

ctaomK8rapl,ed M J- — * * - per 

high salt conditions. (Using the FPU, coiumn j 
^compared to 50 «a injections for the HPLC system). 
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Fractions of 1 ml were ^ ^ me 

^ owing assay *~ ^ Appropriae 

daOTllle4 by . prottin assay lot (A 595, fto » 

«oi«*«l individually concentrated by Centncon ru «w 
fBataB were collected mdraauaiy „_.,,,, fo^n concentrates were 

i • \™ cn^ PAGE and bioassay, appropriate 
Ater analyse by SDS PAGEan .Station (Savant), 

pooted and tether concenrrated to 1 ml by Speed vac ce 
« M ,25 HPLC-, a- S " '^J^ p^ were 

ofm. S»P««e "^.^^ ^ the same buffer 
mjKttd onto a TSK Bio-Sil .25 HPLC column 1 ^ 

.. <■_■ .love 200 id tactions were colleaed. Active rracu 
" ^iT L or by 2-D PAGE. Appropriae felons w«e 

^ a to, volume of ..5 A taj ec«d in muldnle «yd«s 

, jn summary, the Superose 12 poo ^ m pa* 

Lidua, a^mnm and low Secular ^sUnd - 
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25 



works effectively oa all preparations of the inhibitor having specific activities of at 

least 100 U/mg. , 

Finally, the TSK Bio-Sfl 125 HPLC pool concentrate was injected onto a C4 

reverse phase HPLC column. 

C4 Reverse Phase HPLC Chromatography Profiles 

C4 reverse phase HPLC columns were used to further resolve the inhibitor 
protein The resolution capabilities of this column were dependent primarily on the 
hydrophobic interactions of the protein with the C4 matrix, and the relative affinity 
of me protein for either the stationary phase (C4)orthe mobile phase (0.1% TFA, 
pH 2 variable concentrations [v/v] of acetonitrile). Tne columns used were 1 x 25 
cm dimensions with starting solutions of 0.1% TFA and 096 acetonitrile. The 
gradient of acetonitrile is incremented from 28-32% over a 52 minute period. Other 
variations can also be used in these test runs. Under all conditions, the same 
elation position was achieved. The protein was injected onto the column m the 
buffer it was stored in prior to the run with no requirement for a pre-incubation or 
proration step. Fractions were collected, taken to dryness with a SpeedVac 
(Savant) centrifugal evaporator, and redissolved in a minimal volume of tissue 
culture media for biological activity measurements. 

IRAP elates at aposition corresponding to an acetonitrile concentration of 
between 30-31% (vAv). The bioactivity was recovered following this operation. Tne 
elution position for this protein is a physical characteristic which is highly reliable 
(5% maximal error in elution position). 
SDS Polyacrylaminde Gel Electrophoresis Profiles 

One dimensional SDS PAGE was performed using 14% -20%, preferably 
18 * g ds in a Protean H system or in a mini Protean H system (Bio-Rad), according 
to the method of Laemmli. Before electrophoresis, samples were diluted 1:1 with 
denaturation buffer (2% SDS, 12.5% glycerol, 0.125 M Tris HQ, pH 6.8, and 3% 6- 
roercaptoethanol), and heated in a boiling water bath for 2 minutes. Hectares* 
was conducted at constant power (5watts/gel) for Ihour (mini gels) or 6hours 
(regular gels) at room temperature and terminated when the dye front (bromophenol 
blue) is 0.5 cm from the bottom. Tne completed gels were fixed in 50% ethanol and 
10% acetic acid, and stained with Coomassie Brilliant Blue G-250 or with a 
coromercially available silver staining kit (Bio-Rad). Photos of gels were made usmg 

Type 665 film (Polaroid). 

Two dimensional SDS PAGE was also done. Samples to be analyzed were 
desalted by microdialysis (Enprotech) against deionized water. Two dimensional 
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jrt rr so* - * — — 

«** *" " ,-Mkdal ,d«M by aetata 

r^toe. 1* C- « - » - » - — ~ 

C^BSi, MUM Blue G-250 stablng. 

15 „, p^ ^ , « - PMttta _ ^ 

» „ o» >• («»> SOS. ~ ~ L), ,H ,0. a* N^O d.0«. 
As a result the NP-40 to SDS ratio ^ ^ 

» ofMkdal, bdicatbg itat atlast 3Ual ««e 

trtbnoKC* acid, and i—*. 

30 B«»pte « » oUpmcteolUte pn*a conarucno. 

»«* W V, (a) 

M*. pNk fb«o««i b, CU WC ^ followed 

« and (owimcnii" ofs-ryrxiyiefflyiawi 
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Seouence Methods 

N-Tenninal Se^ence-Automated Edman degradation chenustry was 
perfom ed in an Applied Biosystons, Inc., Model 470A gas phase protean se^or 
pertonn yy analyzer. Data were collected 

fitted with an on-line Model izua rm ^ 
< !T^lds^™Uttd on . Neton Analytical 3000 SerUs dtromao^ny syaem 

^ However, M — - 

^^.b™ anfflcM, blocfcd a* ote. observed flow,™* — 

10 conditions. 

Peptide Mapping 

t 1 " » — - - — « •* • 

In the mapping procedure, wu 
,5 ^onHnercec^oeS-ol 0K«l* — -» *» 

r^i -L Ji— — — — . 

centrifugation. 

Endoproteinase Lys C Digestion 

^ Wnefcer uau* -WW-*- 

I*** *..«*. ««,* ^ C(EKC - 

* «- Phi HPLC comm. WX»-* »*« ^ *— ^ 

Knovrf by vacuum centriBigation <?avant). 

c^gjnnie 7 HemMcatta. and Clantag of RAP Oene 

, .. *. add sentience HDWPIE where 

« One oflhe peptides setmenced bas tie ammo acid seqne»* 

35 uneoin. i~» ™i. tor amino acids. Degenerate 

4k letters correspond to the one4etier symbol code lor amino 
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These degenerate oligonucleotide pools wer oUBOnuc leotide with the U937 

todetennine the homology of the degenera* „ 
5 mRNA. The degenerate oligonucleotide pool g.vuig the best hybrid 
die U937 mRNA was shown to be DC-166: 



n C C 6 C 

^ T G 



, . ... with tATP » and used to screen a U937 cDNA 

« ~ i— *- ^ ^ „*. did**, kit 

^ acetate (PMA). • *- <W ™ ^7 is set ford, to Chart 

„ mefcod of se«««tag. » DNA ** 

1# * .wmt 1782 nucleotides including 5* and 

third nucleotide and extends through me Nuc ieotide 

53 is set forth to Chart 1. This sequence » compm* ^ 

25 amiiio adds of a signal peptide). Thus, the mature *» " B fc fc 

rhM 2as 26-177. The ««"tog sequence of the IW g» 
residue show. . Chart 1- * ^ one N- 

M ^ -^^J^, Usta , lecoruhtoan. DNA Technology 
Example 8 ncFa 6 

fc Ml sue of *. connn-eMy — »°«|* 

«, ^ con** m -« T ^'Jl* (MKO.se., 

Cigonudeo.de »¥»nce, coco, usage » nmtnnzed and — "» 
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ntataiKd to «d« » «p«» — i- * ~~ * .. 

„ promoter and . AM* rlbosom. binding she, in a p»*322 background (Chan 
4). DNA sequencing was carried out to confirm the sapience of the region 

5 manipulated. * 
E. coil K12S carrying pTrpMLinh was induced tor «p«sSK,n under 
^tc^ha. mrvata. condinons. Cdi Irdnbuor acMy andSDS- 

WOE analysis shows . to* band corresronding to the «P«*cd size, den—* 

low level of expression. . . 

To increase expression, the 1.2 kb EcoRI-BamHI fragment contain** the trp 
pro moter, ribosome binding site and the coding se^c* for IL-1 inhibit 
Lated from pTrp2-ILinh and cloned into the EcoKl and BamHI sites of P UC19. 
The resulting vector is called pUC-ILinh (Chart 5). 

E coli was transformed with pUC-ILinh. Extracts from E. coh K12S (pUC 
ILinh) induced for expression by tryptophan starvation shows inhibitor activity. 
SDS-PAGE analysis of the extracts shows a prominent band at the expected s-ze, 
indicating nigh level expression. 
Purification ofReeombinant IM Inhibitor BAP 

E coli K12S (fVC-am ««= *<>!»«■«>• **** *" MpK$!i0, ' " y 
tryptophan starvatfon and centred. The E. coli pellets were resuspended in 10 
n^Trls HQ, pH».0.T™ w* fre*. thawed; «rst the pellets were 

teen _»* in dr, ice f« 10-15 mtates after which die mWures were 
thawed in warm water. The pellets were freeze mawed at least once, preferably 
I tha. four umes. Ik. was then .to*, b, cenrrimga*. »m* 

SS-34 rc a, 20.000 MM). This clarified soluuon was loaded onto a FPLC sysum 
^ whh . eouBlbreted 1 X 10 cm (QAE fast flow; Pharmacia) column . 10 
*t Tri. HQ. PH 8.0, ... flow . of 1 ml/nun. Tne retained proteins w« 
^ wi* a unear NaCl gradie* to. 0-300 - over «2 _» a, 3 mUmm. 
Prions conminu, the 8 to* «— <SDS PAGE, w» poo * 

, and corded and bnf* exchanged to .0 mM Tris HcU pH 9.0, «, C-~-» 
(Amicon) This enriched material was further refined by HPLC on a TSK 
™ 5 X 75 mm) column using a linear NaQ gradient (.0-125 mM, . 20 mM 

P ,0. Oto, minor cor— were to* — * - 
« M 125 HPLC column (0-75 X 600 mm) m 50 mM phospWe. 1 u: WO. P« 
Tg TbepuH.iedrecombi.a- protem was stored fc^ a. -20'C m 20 tnM Tns 
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Hd PH 7 2. SDS PAOE * - — » -— ^ 
^toa., 1RAP protein to be about !7.000 data*. 
Up* 9 Conduction of Oiigrcucleoudes Bncod.* «*» 



Peptides 

• TRAP molecules according to the present 

5 b, order to co-an*. ^ ■» Mdeotloes 

„«„,„,,, manipuU** a,, performed or. the BAP f ^ 

« ..code a SC,. P«P*. * ^ ~ £ »ben me 

Mdflng recombuuurt gene encode, the unprovd BAP «b« 

strands were constructed: AAG CTC 

#1) Oligo-1 5'-CCG TCC ACT GGG AGO ACT CCA ACQ 
TGT TCT TGG GAA TC-3' 
15 « OUgo-2 5*-CCG TCC AGG GTG AGG AGT CCA ACG ACA AAG CTC 

TGT TCT TGG GAA TC-3' 
m Oligo-3 5'-CCA TTG AGC CGC ATG AAT CTA ACG ATA AAA TCG 

CTC TCT TCT TGG GAA TC-3' 

20 encodes the amino acid sequence VQGEESNDKALtIaj 

^nr -"s^--- - — — ^ - 

the IRAP Gene T . 

The IRAP gene » HI pUC-ILmb * *— «• Cia. 

pGEM2IRAP. To ddeting Ae codmg 

pGEM21RAP was digested with Kpnl and m into 
lequence from amino acid residue 75 to 85. H. 

LTdigested PGEM21RAP by ordinary ligation, forming pGEM2MIRAP 1» 

«TFM2MIRAP-2 and pGEM2MKAP-3, respectively. 
30 pGEM2MlKAi- «uu f ^ sjml/Ncol 

Piasmid PGEM2MIRAP-1 contams ohgo-1 inserted 

^ tu. MTRAP-1 eene encodes the natural 

rir^rrb^™™ — *— 

oc \m 



35 



RAP amino acid sequence 86-177. ^ ^ Kp nI/NcoI 

piasmid pGEM2MIRAP-2 contains ougu-* 

amino 

^ IRAP — • The NflRAP-2 g ene encodes tbe namr* 
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M s^ence «* followed b, VQ3EESNDKAIK/H MM* * * — 
trap amino acid sequence 86-177. 

M P^nud pOEM2MIRAP-3 conains oilgo-3 inserted >- 

_ - tkp MTCAP-3 gene encodes the natural 1RAP amino 
dieted IRAP eene construct. The mikat j gw» 

trap amino acid sequence 86-177. 

„ fcserUon ofModlM IRAP Gene I- 

pGEM2MRAP-l; pOEM^* * ^ ^ ^ 

, He _l.6kbEcoRDKlenow/SpeI fragment was i»iau» 

Ttotraroent contains tto coding seouence for «» improved IRAP. 

"i-. SKRockenbacb, KACuny - CCTomlcb, >• 

t^N HI wbicb - — * «» togem* ™> 

SpeL ..meoUg^cotide «— • JTS* 

. • • • ^ l» order u ooUmto translattatal efficiency. H» resulting 

^. B TTl2^^«RAP. 2! orpTrp2.MKAP-3, respective.,, 
plaS mid is named pTrpl-MISAP 1. pT»P 

M (referred to nerein generally as pTrp2-MBAP) carries me "°P 

1TL comroi of*. E. coll ttp promoter and an AT-ricb ribos.me btndmg « 
fco^BP322 ^Chart 6). DNA sequencing was carried out to confirm me sequence of 

*« ******* . _Trn2 MfRAP was induced for expression under 

M tryptophan survatioa condutons. Cell extracts ~~ expected size, demonstrating 
PAGE analysis stows .faint band corresponding to me expected , 

ribosom. b* sue - * ~ ^J^"^ pTci, 
30 isolaed from pltpJ-WRAP and cloud m» *. EcoW art B 

TtoresuWn, «Oor is called pUOMRAP (Ouut T)«pTOMB*P refers to P 
MBAP-1, pUC-MBAP-J or pBC-MEAP-3) . K12S ^ 

E coll was wnsformed win. pUC-MRAP. Exmcts from E. col. Kia <p 

j — *~ r e 
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_ ^ _ strategy wa s Mowed for each of the three MIRAP gene 

tT TZmAP-i MIRAP-2 and MIRAP-3). 
embodiments described above ^ * \^ RAP The bioactivity of the 

The modified IRAP genes produced -proved IRAP _ 
product may be determined by * vitro transition and translate 
, CI by testing of the product using the lA5*m Bioassay. 
^ , 10 Purification of MIRAP Protein 

3 are propagated, lnauceu 1U ng0 The suspension is 

the E. ooli pellets . * ^j^l" , el — 

ate, „Hch the mwws .re thimed m wrm ^ 
.•MP*. (Sorv.ll tC»: lxl0an(QAEftaf low; 

H Pharmacia) colomn to 10 mM Trls HO pH m ma a 

^ prrtetas m resolved wim . I- « ^ 

PifiE. are tooled anl concentrated and buffer «d«sed to 

'** „ „ . . .niched materia Istethe. rertoed b, HPLC 
9 .0,,„C«trieon-10 (Anucon). ™> m is 

mM) In 20 mM Ws HQ, pH 9.0. over .25 --J-t ^ J „, gel 

1 M NaQ, pH 6.8. The punnea lecular we igit of any 

„„, „ , , «yi PAGE wife urea indicates the mowwuai *~ 
25 mM Tris HQ, pH 7.2. SDS PAOt ^ 

v-,«r vrreAP nrotein to be about ««« 
of the purified recombinant MIKAr prow 
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CHART 1 
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CHART 2 
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232 

15 173 A 



25 352 
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353 370 i 
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CHART 3 

20 

1 i 
l«ICROI.H8HLlTLtLFl.FH 



21 26 4, 

SETICRPSGRKSSKMQAPRI 



60 

15 41 I 

i D VNQKTFYLRNHQLVACYL 

20 75 76 77 78 79 80 

6 * 4. 4. 4 A * * 

-EKIDVVPIEPHA 



QGPHVHLE 



100 

81 82 83 84 85 4 
LFLGIHGGKMCLSCVK.SGDE 



120 

101 106 
35 J Rl QI.iAVHITDLSENRKQD 



140 

121 1 
KRFAFIRSDSGPTTSFESAA 



160 

45 141 l 

CPGWFLCTAMEAOQPVSLTN 

50 161 

ipDEGVMVTKFYFQBDB*- 
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CLAIMS 



1. A recombinant DNA molecule comprising: 

5 (a) a nucleotide sequence encoding an IRAP protein; and, 

(b) a nucleotide sequence encoding a Sclavo peptide. 

2. A recombinant DNA molecule according to Claim 1 wherein said nucleotide 
sequence encoding a Sclavo peptide is located within said nucleotide sequence 

10 encoding an IRAP protein. 

3. A recombinant DNA molecule according to Claim 2 former comprising 
regulatory elements operably linked to said nucleotide sequences such that it is 
capable of being expressed in a suitable host. 

15 

4. A recombinant DNA molecule according to Claim 2 comprising a DNA 
sequence which encodes an amino acid sequence selected from the group consisting 
of: 

MIRAP-1 75 85 

20 a A 

VQWBESHDKALFLGIj 



MIRAP-2 75 85 

25 VQGEESNDXALFLGI; and 

MIRAP-3 75 85 

IEPHESNDKIALFLGI. 

30 

5. A recombinant expression vector comprising a nucleotide sequence according 
to Claim 3. 

6. A method of preparing an improved IRAP comprising the steps of. 

35 (a) culturing a suitable host transformed with an expression vector according 

to Claim 5 under conditions promoting expression; and 

(b) purifying said improved IRAP produced thereby. 



WO 91/17184 



PCT/US91/02127 



-29- 

7. A transformed host cell comprising a recombinant DNA molecule according to 
Claim 3. 

8. Essentially pure, unproved IRAP comprising: 

5 a) an IL-1 inhibitor amino acid sequence; and, 

b) a Sclavo peptide. 

9. Essentially pure, improved IRAP according to Claim 8 wherein said Sclavo 
peptide is located within said IL-1 inhibitor amino acid sequence. 

10 

10. Essentially pure, improved IRAP according to Claim 9 wherein said Sclavo 
peptide is located between amino acid residues 75 and 80 of said IL-1 inhibitor 
amino acid sequence. 

15 11. Essentially pure, improved IRAP according to Claim 10 wherein said IRAP 
comprises an amino acid sequence selected from the group consisting of: 

MIRAP-l 7S 85 

VQHEESNDKALPLGZ; 

20 

MIRAP-2 75 85 

I * 
VQOEBSNDKALFLGI; and 

25 MIHAP-3 75 

lEPHESNDKIALFLGI. 

12. A medicament comprising essentially pure IRAP according to Claim 10. 

30 

13. Use ofamedicant according to Claim 12 for treating arthritis inhuman 
patients. 
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